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Abstract 
In this paper we present a simply applicable approach for early self-diagnosis of the critical battery status for TelosB 
sensor node. The approach is developed based on observations of numerous practical experiments within wireless 
sensor networks. The method detects the battery exhaustion by simply evaluating the reliability of temperature and 
humidity readings. The nodes can block autonomously the unreliable readings due to the low voltage at an optimal 
time point. The recommended operation voltage threshold of the SHT-sensor is 2.4 V [1]. The experiments show that 
the sensor can deliver the sink reliable readings below this threshold for a further considerably long time range. The 
approach enables a complete exploitation of the batteries and maintains a high reliability of the sensor readings. 
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1. Introduction 
Wireless sensor networks (WSN) are widely applied for the online environmental monitoring. For such 
applications the battery-driven participating sensor nodes are expected to provide the base station (data 
sink) trustable environmental parameters. In numerous environmental sensing applications [2, 3] it is 
observed that the sensor readings become unreliable, if the battery voltage falls below a certain threshold. 
However, the remaining energy still supports the transceiver to forward the wrong readings to the data 
sink. The unreliable sensor readings from the data sources can lead to an incorrect data aggregation by the 
data sink. The existing fault detection approaches can be mainly classified to self-diagnosis [4, 5, 6] and 
group detection [7, 8, 9], which usually require high computation effort and/or complex data collection. 
The proposed approach enables an early self-diagnosis of the critical battery status on individual sensor 
nodes by simply evaluating the sensor readings and checking the voltage sensor only on demand as a 
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confirmation. The unreliable readings due to the battery exhaustion can be blocked in time. Sensor nodes 
can maintain a complete exploitation of the batteries and a high reliability of the readings.  
2. Experimental observation 
In order to investigate the variation of sensor readings during a critical battery status, we firstly carry out 
a sensing experiment. A battery-driven TelosB sensor node transmits the temperature, relative humidity 
and voltage sensor readings to the base station with a transmission frequency of 1 Hz and the highest 
transmission power level (0 dBm). The results of the experimental observation show that both the 
temperature and humidity sensor readings depart from the real environmental parameters with increasing 
oscillation amplitude (Fig.1). The oscillation of the readings builds a gap, which is defined as “Reading 
gap” in this work (ǻT for temperature and ǻH for relative humidity). The index t1 indicates the point,  
 
Fig. 1. Variation of temperature and relative humidity readings are depending on the battery voltage (left). The gap between the 
sensor readings in the critical battery status (right). 
when the recommended limitation voltage (2.4 V) of SHT sensor is reached. The humidity and 
temperature readings start oscillating at t2 and t3, separately. Shortly after t2 (t3) the battery voltage 
becomes too low to maintain the reliability of the humidity (temperature) readings. If the sensor nodes are 
able to find out the critical points (t2 and t3) autonomously, the unreliable sensor readings can be blocked 
in time while the battery can be completely exploited. The oscillation amplitude (i.e. width of the reading 
gap) ǻT and ǻH depend on the voltage (Fig.2). The lower the battery voltage is, the more intensively the 
sensor readings oscillate.   
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Fig.2 The relationship between sensor reading gap and the battery voltage (a) temperature and (b) relative humidity
3. Self-diagnosis of critical battery status 
A self-diagnosis approach to detect the critical battery status is developed by exploiting the “oscillation” 
features of the sensor readings in this specific situation. The amplitude and the regularity of the readings 
oscillation are considered as the criteria to determine the battery exhaustion. Usually, the environmental 
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parameters reveal no regular oscillation with large amplitude for a long period even in a highly dynamic 
environment. In contrast, the oscillation due to low battery supply voltage is continuous with increasing 
amplitude and is independent from the sensing frequency. The possible reason of the oscillation is that the 
calibration memory and/or the ADC unit fail processing the sensor data completely with a low voltage. 
The self-diagnosis approach concentrates on the reading reliability and consists of three steps. Firstly, if 
an environmental parameter is sensed, the deviation from the current reading to the previous one is 
calculated and stored in an array, which always keeps ten previous deviations before. Secondly, once two 
neighboring deviations are detected, whose absolute values exceed a certain threshold μ and the signs are 
reverse, the ten deviation values in the array are checked. If each pair of neighboring deviations has 
reverse signs, the critical battery status of the sensor node is determined. Finally, if the voltage sensor 
reading is below recommended voltage limitation (2.4 V), the battery exhaustion is confirmed.  
4. Validation 
The proposed approach is implemented in a WSN with five sending nodes and a base station. In the first 
test, the threshold μ of sensor reading deviation is set to different values (for temperature: μT=0.1°C, 
0.2°C and 0.3°C; for relative humidity μH=0.2%, 0.3% and 0.4%). The five battery-driven sending nodes 
are expected to find out the point autonomously, when the temperature and humidity sensor readings must 
be blocked. The test results are illustrated in Fig. 3. Firstly, the proposed approach enables the individual 
self-diagnosis of the critical battery status on each sensor node. The sensor readings are only blocked, 
when their reliability reduces by trend. No predefined voltage limitation is required. Secondly, the 
blockage of sensor readings can be postponed by increasing the threshold of the reading deviation, which 
can be chosen depending on the concrete requirement of reading accuracy in different applications. 
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Fig.3 Block voltage of five sensor nodes for (a) temperature and (b) relative humidity readings. 
In the second test, the relationship between the sensing accuracy and the threshold μ of sensor reading 
deviation is investigated. The threshold of temperature (μT) and humidity (μH) readings varies in range 
[0.1 1.0] °C and [0.2% 1.0%], respectively. The results of the sensor reading errors are shown in Fig. 4.  
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Fig. 4: Error of readings with different thresholds of reading gap (a) temperature and (b) humidity. 
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The errors of both temperature and humidity sensor readings are linearly depending on the determined 
threshold of the deviation. The lower the battery voltage, the stronger the oscillation of the readings and 
the sensor readings become more unreliable accordingly. For the applications, which require high sensing 
reliability, the thresholds of humidity and temperature can be set to μT = 0.1°C and μH = 0.2%. In this 
case, the humidity and temperature sensor reading can be blocked with an error up to 2.42% and 0.68°C.   
5. Conclusions 
In this paper a self-diagnosis approach is proposed for detecting the critical battery status of wireless 
sensor node. The approach is developed based on the phenomenon, that the low battery voltage leads to a 
regular oscillation of both relative humidity and temperature sensor readings. Using the proposed 
approach, each individual sensor node can detect the critical battery status in time to avoid transmitting 
unreliable sensor readings. The validation results show that the approach maintains a high reading 
reliability with an error up to 2.42% and 0.68°C while exploiting the battery completely. 
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